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PREFACE

This report presents findings of an evaluation of the safety impact of a prototype drive
test piloted in 30 California Department of Motor Vehicles (DMV) field offices.  The
study represents the final stage of a 5-stage project designed to develop an improved
competency-based drive test for possible statewide implementation.  The report is
being issued as an internal monograph of the DMV’s Research and Development
Branch rather than an official report of the State of California.  The findings and
opinions may not represent the views and policies of the State of California.
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EXECUTIVE SUMMARY

Background
•  This evaluation is the final stage of a project to develop and evaluate a new drive

test, called the Driver Performance Evaluation (DPE), for possible statewide
implementation in California.  The DPE is currently being used in over 60 field
offices in southern California.

•  Romanowicz and Hagge (1995) found evidence that the DPE has construct validity.
These authors reported that experienced drivers performed significantly better on
the test than did inexperienced drivers or drivers with physical or mental abilities
that may have affected their driving.

•  An earlier study by Hagge (1994) evaluated the reliability of the DPE in six field
offices used in a prior evaluation of the traditional drive test conducted by
Shumaker (1994) and Williams and Shumaker (1994).  Hagge reported the DPE to be
a much more reliable test than the current drive test.
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•  The above studies and the current study are part of a more extensive effort by the
department to increase the competency of California motorists by improving the
driver licensing process.  

•  Previous evaluations of driving tests have measured the correlation between test
scores and subsequent accident rates.  In contrast to previous studies, the current
evaluation was designed to determine whether applicants who are required to pass
the DPE exhibit lower subsequent traffic accident and citation rates than do
applicants who take the standard test.  That is, the present evaluation attempted to
measure a treatment effect (e.g., accident reduction) rather than a correlation
between test performance and accident rates.  

Study Objective
The objective of this study was to determine whether the DPE program resulted in a
decrease or increase in the risk of traffic accident involvement and/or law violations
subsequent to license application.

Methods
• Four independent groups of original driver license applicants were selected for this

study:

(1) 136,135 applicants who were administered the DPE in the 30 southern
California field offices that had implemented the new test.

(2) 110,412 applicants who were administered the standard drive test in the same 30
southern California field offices before implementation of the DPE.

(3) 63,125 applicants who were administered the standard drive test in a
comparable group of northern California field offices during the same time
period before implementation of the DPE.

(4) 84,429 applicants who were administered the standard drive test in the same
northern California field offices during the same time period after
implementation of the DPE.

• Logistic regression analysis was used to compare the study groups on traffic
accidents, fatal/injury accidents, and total traffic citations during the 2 years
immediately following driver license application.  The driver license application date
was selected as the reference date to capture any effect on the traffic safety
measures due to delay of licensure attributed to the DPE program.

The independent variables included a linear set of covariates, office region (northern
vs. southern), field office within region (28 northern offices and 30 southern offices),
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time of application (pre-DPE vs. post-DPE), region by time of application interaction,
and time of application by office interaction within region.  The primary effect of
interest in the analyses was the interaction between region and time of application.
This interaction effect addresses whether the change in accident risk for southern
offices following implementation of the DPE differs from that for northern offices
over the same time periods.

Results
Total accidents.  For the total accident criterion, the region by time of application
interaction was not statistically significant (χ2 = 0.2493, p = .62).  
•  The odds ratio computed for applicants in the northern region was 1.03, indicating

that the odds of accident involvement for northern applicants was 1.03 times higher
in the pre-DPE period than in the post-DPE period.  Both groups of applicants within
the northern region received the standard non-DPE drive test.  The odds ratio for
the southern region applicants was 1.04.  This value indicates that the odds of
accident involvement for southern applicants receiving the standard drive test
during the pre-DPE period was 1.04 times higher than the odds of accident
involvement for southern applicants receiving the DPE drive test during the post-
DPE period.  The adjusted accident involvement rates underlying these odds ratios
are shown in the figure below.
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Figure.  Adjusted 2-year total accident probability by region and time of
application

•  The similarity of the odds ratios over time for the two regions reflects the lack of a
statistically significant interaction between time and region.  However, the results
are directionally supportive of a positive impact of the DPE with a greater risk
reduction over time shown for southern offices exposed to the DPE.
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Fatal/injury accidents.  A second set of analyses focused on the fatal/injury accident
criterion.  As was the case for total accidents, the effect of interest was the region by
time of application interaction.  The results showed that the region by time of
application interaction was not statistically significant (χ2 = 0.0515, p = .82).  

•  A comparison of the change of fatal/injury accident odds from pre to post within
region yielded an odds ratios of 1.04 for each region, which reflects the absence of a
significant period by area interaction.

•  The lack of a statistically significant interaction between region and time for the
fatal/injury accidents criterion is consistent with the findings for total accidents.

Total citations.  The results from the logistic regression analysis for total citations
showed that the region by time of application interaction was not statistically significant
(χ2 = 0.2997, p = .58).  

•  The odds ratio computed from the regression equation for the northern region was
1.11.  The value implies that the odds of citations for northern applicants is 1.11 times
higher in the pre-DPE period than in the post-DPE period.  Both groups of applicants
received the standard non-DPE drive test.  The odds ratio computed for the
southern region applicants was 1.10.  This value indicates that the odds of citations
for southern drivers were 1.10 times higher before DPE implementation than they
were after.  

•  As was the case for the two accident criterion measures, the similarity in the odds
ratios for the two regions reflects the absence of a significant interaction effect for
total citations.

Conclusion
Because the DPE as evaluated in this study is longer in time than the standard road test
and had additional maneuvers, such as a freeway driving component, it is a more costly
program requiring a more extensive allocation of resources than is required for the
standard road test.

The failure in this study to demonstrate any bottom-line benefits to offset program
costs makes it difficult to recommend that the department reinstate the freeway
maneuvers and expand the original DPE statewide.  However, there is no question that
the method of testing (route selection and scoring procedures) produces a more reliable
and “content valid” test than does the current testing procedure.  It is therefore
recommended that the department expand the DPE scoring procedures to all offices of
the state.  



DPE PROGRAM EVALUATION

v

TABLE OF CONTENTS

PAGE

PREFACE............................................................................................................................... i
ACKNOWLEDGMENTS..................................................................................................... i
EXECUTIVE SUMMARY..................................................................................................... i

Background....................................................................................................................... i
Study Objective ................................................................................................................ ii
Methods............................................................................................................................. ii
Results................................................................................................................................ iii

Total accidents.............................................................................................................. iii
Fatal/injury accidents................................................................................................. iv
Total citations............................................................................................................... iv

Conclusion ........................................................................................................................ iv
INTRODUCTION................................................................................................................. 1

Description of the DPE.................................................................................................... 1
Study Objective and Evaluation Paradigm .................................................................. 2

METHODS............................................................................................................................. 4
Study Groups.................................................................................................................... 4
Subject Selection and Data Collection........................................................................... 4
Office Selection ................................................................................................................. 5
Design................................................................................................................................ 8
Analysis ............................................................................................................................. 9

RESULTS................................................................................................................................ 13
Selection of Offices........................................................................................................... 13
Subsequent Driver Record Comparisons .................................................................... 16

Total accidents............................................................................................................ 17
Fatal/injury accidents ............................................................................................... 20
Total citations ............................................................................................................. 22

DISCUSSION......................................................................................................................... 24
RECOMMENDATIONS....................................................................................................... 27
REFERENCES ....................................................................................................................... 28

APPENDICES

NUMBER
  I Driving Performance Evalution Procedural Information..................................... 30
 II Descriptions of Criterion Measures and Variables

Considered for Inclusion as Covariates in Statistical Models............................... 67
III DPE and Control Field Offices................................................................................... 68



DPE PROGRAM EVALUATION

vi

TABLE OF CONTENTS (continued)

LIST OF TABLES

NUMBER PAGE

 1 Number of Subjects by Office Region and Time
Period of Application.................................................................................................. 8

 2 Comparison of Regional Field Office Means on the
Covariates Before Selection of Control Offices ...................................................... 13

 3 Comparison of Regional Field Office Means on the
Covariates After Selection of Control Offices......................................................... 15

 4 Regional Means on the Covariates After Control
Office Selection Based on Individual Subject Scores
in Both Time Periods................................................................................................... 16

 5 Percentage of Subjects in Each Group Involved in
Accidents and Citations 2 Years After Application Date....................................... 16

 6 Summary of Logistic Regression Results for Total Accidents.............................. 17
 7 Results of Comparison of Pre-DPE Versus Post-DPE

Groups Within Region for Total Accidents ............................................................. 18
 8 Summary of Logistic Regression Results for

Fatal/Injury Accidents................................................................................................ 20
9 Results of Comparison of Pre-DPE Versus Post-DPE

Groups Within Region for Fatal/Injury Accidents ................................................ 21
10 Summary of Logistic Regression Results for Total Citations............................... 22
11 Results of Comparison of Pre-DPE Versus Post-DPE

Groups Within Region for Total Citations .............................................................. 23

LIST OF FIGURES

1 California Department of Motor Vehicles Regional
Field Offices.................................................................................................................. 6

2 Adjusted 2-year total accidents logit by region and time
of application................................................................................................................ 18

3 Adjusted 2-year total accident probability by region and
time of application....................................................................................................... 19

4 Adjusted 2-year fatal/injury accidents logit by region and
time of application....................................................................................................... 21

5 Adjusted 2-year fatal/injury accident probability by region
and time of application............................................................................................... 22

6 Adjusted 2-year total citations logit by region and time
of application................................................................................................................ 23

7 Adjusted 2-year total citation probability by region and
time of application....................................................................................................... 24



DPE PROGRAM EVALUATION

1

INTRODUCTION

This evaluation constitutes the final stage (Stage 5) of a project to develop and evaluate
a new drive test for possible statewide implementation in California.  The study was
conducted to assess the impact of the new test on traffic safety.  

The Stage 4 study (Romanowicz & Hagge, 1995) found evidence that the new test,
called the Driving Performance Evaluation (DPE), has construct validity.  In that study,
experienced drivers performed significantly better on the test than did inexperienced
drivers or drivers with physical or mental abilities that may have affected their driving.
The authors also reported that accident-involved drivers tended to receive lower test
scores than did accident-free drivers, although the difference was not statistically
significant (p  = .17).  The authors cautioned that the failure to find a significant
relationship between test performance and accidents could be attributed to low
statistical power resulting from the small number of subjects (n = 42) in the accident
group and to the large stochastic component inherent in accident involvement.

The Stage 1 study (Shumaker, 1994) assessed the reliability of the department’s current
drive test in six field offices.  The six offices were selected from a group of 30 pre-Stage 1
candidate study offices that were considered representative of field offices statewide
(Williams & Shumaker, 1994).  A prototype of the DPE was piloted in Bellflower,
Laguna Hills, Sacramento, and South Sacramento field offices in Stage 2 (R. A. Hagge,
internal memo, September 24, 1993).  The Stage 3 study (Hagge, 1994) evaluated the
reliability of the DPE in the six field offices used for the Stage 1 study and found it to be
much more reliable than the current drive test.  It also provided information for further
improving the DPE prior to the pilot for the current study.

The above studies, and this one, are an integral part of a more extensive effort by the
California Department of Motor Vehicles (DMV) to increase the competency of
California drivers by improving the driver licensing process.  As a first step, the
department commissioned a study to evaluate the needs and requirements of the
California driver licensing program (McKnight & Stewart, 1990).  Following that study,
DMV hosted the “Conference on Driver Competency,” a seminar designed to obtain
input from selected experts on driver licensing and driving behavior.  The department’s
driver competency-enhancement plan, which calls for the development of a more
reliable and valid drive test, is presented in the epilogue to the conference proceedings
report (California Department of Motor Vehicles, 1990).

Description of the DPE
The DPE is based on the driver performance assessment model for commercial road
tests described in a report by Mackie et al. (1989).  It is currently being used in over 60
field offices in southern California.  The following comparison of the characteristics of
the DPE to those of the department’s non-DPE drive test still being used in northern
California is taken from the Stage 3 report (Hagge, 1994).  
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Characteristic Current drive test DPE
Content Narrow in scope and insufficiently

challenging.
Represents common traffic conditions,
including freeway driving.
Emphasizes proper search of the
traffic environment.

Vehicle check list Not printed on score sheet. Printed on score sheet.
Mechanical

knowledge
-- Expanded.

Skills test Not standardized and may be
conducted during on-road testing.

Standardized and conducted before
on-road testing.

On-road test Scored in seven error categories.
Errors on the same type of
maneuver are marked in different
areas on the score sheet.

Scored in six maneuver categories.
Errors on the same type of maneuver
are marked in one area on the score
sheet.

Scoring Indefinite number of possible
errors.  Every observed error is
marked no matter where it occurs.

Fixed number of possible errors.
Maneuvers are scored only at
predetermined locations.
Disqualifying errors are scored
anywhere.

Length Typically too short (10-15
minutes) to adequately sample
relevant driving conditions.

DPE is 5 - 10 minutes longer than the
current test.

Training Examiners taught to look for errors
at all times.  Does not teach a
standard scoring strategy.

Examiners taught to observe specific
maneuvers at specific places and
times.  Teaches standard scoring
criteria.

Subsequent to the completion of the data collection phase of this project, freeway
driving and the turn-and-stop skill test were temporarily dropped from the DPE due to
budgetary workload constraints.  Therefore, the results presented in this report
represent the DPE as originally designed.  (The DPE test administration and scoring
protocols are presented in Appendix I.)  The policy implications of this distinction are
discussed in a subsequent section of this report.

Study Objective and Evaluation Paradigm
The literature contains a large number of correlational studies on the validity of road
tests as instruments for predicting driver accident rates or differentiating between
accident-free and accident-involved drivers.  These studies have invariably found little
or no association between road test scores and accident rates per mile driven or per
driver year.  There are a large number of reasons for these negative findings.  There is
no need to discuss them here because the focus of this study is on the function of a test
in enhancing driver competency rather than screening out drivers who are predicted to
be at high risk of having accidents.  As noted by McKnight and Stewart (1990) and Peck
(1994), the objective of DMV road tests is to assure that a driver demonstrates an
acceptable level of competency before being licensed.  This, in turn, influences the
amount of practice and training needed to pass the test.  In addition, drivers who failed
are not licensed until the road test is passed.  To the extent that the road test exerts
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these effects, any correlation between test performance and subsequent accident rates
will be attenuated.  The following quote from Peck (1994) illustrates this paradox:

Although it is frequently assumed that the ultimate criterion of the validity of a road
test is the ability to correlate with the subsequent accident rates of drivers, this
paradigm is flawed for several reasons, the most important of which is the fact that the
test's existence and pass-fail threshold operate to motivate the acquisition of the
requisite knowledge and skill before the test is taken.  In addition, those failing the
test often retake and pass the test after additional practice.  The result of this process
is both to elevate and homogenize the competency level of the licensed driving
population.  

This does not mean that a licensing test should not be designed to achieve a safety
impact, but rather that the method of establishing that impact cannot be done through
traditional correlational analyses.  What would be required to establish the tests'
safety impact is an experimental design in which the test requirements were waived
for a large random sample of the driving population, or conversely, imposing a road
test as an additional licensing requirement in a jurisdiction which previously did not
require passing a road test.  If the road test has safety value, one would expect the
tested group to have fewer accidents than the non tested group.  This, of course, is an
entirely different question than that of the correlation between the test scores of
applicants with their subsequent accident rates.

Recognition of the above has important implications on the type of research design that
is required to demonstrate the ultimate validity of a road test or, in this instance, the
comparative validities of two tests—the standard test versus the DPE.  Rather than
measuring the correlation between test scores and subsequent accident rates, the need
is to determine whether drivers who are required to pass the more difficult and more
reliable test (DPE) exhibit lower subsequent accident rates than do those who take the
standard test.  In other words, the study objective was to measure a program treatment
effect (accident reduction) rather than a correlation between test performance and
accident rates.

Very few studies have attempted to measure the “treatment effect” of a road test.  In
fact, only one such prior study has been documented—a California study by Ratz
(1978).  That study failed to demonstrate a significant effect, but the experimental test
used was not comparable to the DPE, and the study had very low statistical power for
detecting an effect on accident rates.

METHODS

Study Groups
Four independent groups of original driver license applicants were selected for this
study:  
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(1) Applicants who were administered the DPE in the 30 southern California field
offices that had implemented the new test.

(2) Applicants who were administered the standard drive test in the same southern
California field offices before implementation of the DPE.

(3) Applicants who were administered the standard drive test in a comparable group
of northern California field offices during the same time period before
implementation of the DPE.

(4) Applicants who were administered the standard drive test in the same northern
field offices during the same time period after implementation of the DPE.

The four applicant groups were obtained through a two-step selection process.  The
first step involved the selection of all original driver license applicants throughout the
state during specific time periods before and after DPE implementation.  The second
step involved the selection of a sample of northern (non-DPE) field offices that would
provide a similar group of applicants for comparison to the applicants receiving their
drive tests in the 30 southern DPE offices.  The following sections describe the selection
process in more detail.

Subject Selection and Data Collection
The available subject pool for the study consisted of 817,556 individuals who applied for
an original driver license during one of  two time periods.  The first time period was
January through June of 1993.  During this pre-DPE time period, 362,680 applicants
applied for a California driver license.  The second time period was January through
June of 1995.  During this post-DPE time period, 454,876 applicants applied for a driver
license.  

All potential study subjects were identified from a search of the department’s
automated driver license (DL) master file.  Applicants whose records indicated that they
received a drive test waiver (usually because they were already licensed in another
state) were excluded as study subjects.  Although it was desirable to limit the subject
pool to drivers who were on the first drive test attempt of their first application for a
license, a small, indeterminate number of applicants in each study group may actually
have been on their second or subsequent application as of the driver record extract
date.  It was not possible to identify and remove these latter applicants from the
analyses.  However, any bias that may have resulted from including them is believed to
be slight.  

It should be noted that the number of applicants in the pre-DPE time period may be
slightly underrepresented.  It is estimated that fewer than 5% of the drivers who
applied during this period were not captured because they had renewed their license
prior to the extract date and therefore were not identified as original applicants.
However, any bias attributed to the underrepresentation is probably slight because the
loss of subjects would have occurred in the northern and southern regions equally.

Data on demographics and subsequent driving incidents were gathered for all
applicants.  The data are of two types.  The first type is subject-specific (driver age,
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gender, etc.).  These data were gathered from the DL master file. The license application
date served as the reference or “zero date” for counting driver-record entries.  The
driver license application date was selected as the reference date to ensure that any
effect on the traffic safety measures due to delay of licensure attributed to the DPE
program would be captured.  The driver records for the analyses cover 2 years after the
application date.  In order to accumulate complete    2-year driver records for both the
pre- and post-DPE time periods, a final data extraction was made on October 9, 1997.  

The second type is aggregate- or ecological-level data.  These data provide information
about the driving localities and social context in which the drivers live and presumably
do most of their driving.  It is important to note that the aggregate-level data do not
provide information about the individual driver because each driver residing in the
same area or ecological unit receives the same value—i.e., the mean value for the unit.
The aggregate-level data are grouped by ZIP Code.  Some of these data were gathered
from the 1990 U.S. Census.  Examples of the census-based data include percentage of
drivers aged 55 years and older, median family income, and average level of education.
Other aggregate-level data were derived from individual driver record data gathered
from the DL master file (grouped by ZIP Code of residence).  Examples of these data
include the 3-year total accident rate and the 3-year total traffic citation rate for each ZIP
Code area, averaged over a 3-year period surrounding the license application date.  The
aggregate-level variables used in this study were identified through a factor analysis of
ecological accident risk predictors (D. DeYoung, internal memo, December 3, 1993).

The demographic and aggregate-level variables were used as potential covariates in the
analyses.  A list of these variables is provided in Appendix II.

Subsequent driving incidents involving individual subjects  were used as outcome or
criterion measures to evaluate the effect of the DPE program.  The outcome variables
included total accidents, fatal/injury accidents, and total citations that occurred within
the 2 years immediately following the license application date.   

Office Selection
Following the identification and selection of applicants in the two time periods, a sample
of “control” field offices was selected.  The criterion measures for subjects in these
offices served as a comparison baseline of any changes in the criterion measures
occurring for subjects in the 30 southern offices after implementation of the DPE.  The
analysis of driving records for applicants in non-DPE offices during the same time
periods of testing in the DPE offices was designed to directly control for any biases
arising from exogenous factors unrelated to the DPE program.  

Figure 1 displays a map of California showing the location of field offices.  Offices in
Regions V–VIII are defined as residing in the southern region for purpose of this study.
Those in Regions I–IV are defined as residing in the northern region.  Using non-DPE
offices in southern California as comparison offices was considered problematic because
an unknown number of applicants who applied for a license in one of these offices may
have actually taken their drive test at a DPE office.  Therefore, it was decided to use
only field offices in northern California as candidate control offices.  



DPE PROGRAM EVALUATION

6

Figure 1.  California Department of Motor Vehicles Regional Field Offices.
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The specific offices under consideration as control offices were all Level 3, 4, or 5.
(Office levels range from 1 through 5—the higher the level, generally the more driver
license applicants in the office.)  These offices include those in San Francisco, San Jose,
and Sacramento.  The geographical area in which these offices are located is similar to
that for DPE offices in the sense that both are large metropolitan areas with diverse
populations.  Although the two regions do not each contain the same number of offices
in each level, both regions include the vast majority of Level 4 and 5 offices.

An attempt was made to further reduce any pre-existing differences between subjects
in the two regions by maximizing the similarity of the two groups with respect to
expected accident rates.  This was done through a combination of ordinary least squares
(OLS) regression and the confounder score techniques of Miettinen (1976).  The
predicted accident score obtained for a given office can be thought of as the accident-
likelihood for that office, as discussed below.

SAS statistical software (SAS Institute, 1990) was used to estimate the OLS regression
equation used to compute the accident-likelihood scores for the candidate control
offices.  For this application, office rather than subject was the unit of analysis.  The
criterion variable was the office accident rate—i.e., the average rate for subjects within
the given office—for the 2-year period after the license application date for subjects in
the post-DPE period.  The independent (predictor) variables in the equation consisted of
the average age of subjects within office, the proportion of men subjects within office,
and the total accident and citation rates for the 2-year period before application date for
subjects within office in the pre-DPE period.  A predicted total accident score derived
from the equation was obtained for each potential control office.

The next step involved applying the same regression equation to obtain a predicted
accident-likelihood score for each DPE office.  Any candidate control office with a score
that fell within the range of predicted scores obtained for the DPE offices was included
in the control group.  As it turned out, the ranges of mean values for the northern and
southern offices were very similar, and therefore no northern offices were deleted in
order to increase similarity.

The final DPE and non-DPE offices selected and used for the analyses are listed in
Appendix II.  The four study groups that emerged were: (1) 110,412 southern applicants
who took the standard non-DPE drive test during the 1993 pre-DPE time period,
(2) 136,135 southern applicants who took the new DPE drive test during the 1995 post-
DPE time period, (3) 63,125 northern applicants who took the standard non-DPE drive
test during the 1993 pre-DPE time period, and (4) 84,429 northern applicants who took
the standard DPE drive test during the 1995 post-DPE time period.  The composition of
these independent groups is shown more concisely in Table 1.
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Table 1

Number of Subjects by Office Region and Time Period of Application

Time period of application

Office region Pre-DPE Post-DPE

Southern (DPE) 110,412 136,135

Northern (non-DPE) 63,125 84,429

Design
This study was designed to evaluate the effects of the DPE program on subjects’
subsequent driving records.  Ideally, subjects would have been randomly assigned to
either the DPE or standard drive test program.  Theoretically, random assignment
would have ensured that any treatment effect found in the analysis was caused by the
DPE program and not some other variable.

Unfortunately, the use of random assignment was not possible in this study because of
the way the program was implemented.  Because of the quasi-experimental nature of
this study, statistical adjustments of the criterion measures were made in an effort to
control potential biases resulting from any such pre-existing differences between
subjects and regions.  The definition, selection, and use of covariates in the statistical
analyses are discussed below.  

Covariates are variables that are related to the outcome of interest and on which the
comparison groups may differ.  For example, if one group has a higher proportion of
men than does another group, then the former group would be expected to have a
higher subsequent accident rate, all else being equal, because men tend to have more
accidents than do women.  Using covariates such as gender, age, and prior driver
record in the analysis accounts for the linear relationship between the covariates and
the outcome measure.  This, in a statistical sense, removes the effects of the covariates
by equating the two groups on these measures.  Although the use of covariates aids in
statistically removing some of the pre-existing differences between subjects, it does not
guarantee that all sources of extraneous variance have been controlled.  However, the
availability of accident rate data for applicants and offices in the year prior to the
identification of study subjects provided an additional control for bias.

The reader should note the distinction in this study between the use of office-level
measures and subject-level measures.  As noted above, the selection of the comparison
offices is based on office-level measures.  The analysis of the effectiveness of the DPE on
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traffic safety measures, on the other hand, is based on individual driving records with
subjects being the unit of analysis.

Analysis
Multiple logistic regression analysis was used to compare the study groups on the
accident and citation criterion measures.  The logistic regression model expresses the
probability that the outcome variable Y is equal to 1 (indicating the occurrence of an
event such as an accident):

P (Y = 1) = π = eu/1 + eu

In this equation e is the base of the natural logarithms (approximately equal to 2.718)
and the term u (often called the “logit”) represents a linear combination of variables:

u = A + B1X1 + B2X2 + . . . + BKXK

with constant A and coefficients Bj being estimated from the data and Xj being the k
independent variables or predictors.

The logistic model can be rewritten in terms of the odds (rather than the probability) of
the event occurring.  The odds are defined as the probability that the event will occur
(π) divided by the probability that it will not occur (1 - π).  The equation then becomes:

log (π/1 - π) = u = A + B1X1 +B2X2 + . . . + BK XK

The above model is now similar to a linear regression model, except that the dependent
variable is the natural log of the odds (i.e., the “log odds”).  The estimation of the model
uses the maximum likelihood technique.  For a detailed discussion of maximum
likelihood estimation, the reader is referred to Hosmer and Lemeshow (1989).
Maximum likelihood estimates have many desirable properties, one of which is that
with large samples the regression coefficients are approximately normally distributed.

Another useful measure is called the odds ratio.  It represents the increase (or decrease
if the value is less than 1) in the odds of an event (e.g., accident) occurring when the
value of a given independent (predictor) variable increases by one unit.  (The odds ratio
associated with Xj is equal to eBj).  For example, in the case of a treatment designed to
reduce accidents, an odds ratio of 1.12 for the independent variable representing group
membership (treatment vs. control) would mean that the odds of accident involvement
for the untreated control group is 1.12 times (or 12%) higher than the odds of accident
involvement for the treated group (assuming the group variable was coded “0” for the
treatment group and “1” for the control group).  
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Predicted probabilities are perhaps most useful when the purpose of the analysis is to
forecast the likelihood of an event, given a set of subject characteristics.  If, as in the case
of the present study, interest is in the impact of a treatment or independent variable(s)
when controlling for the effects of other variables in the model, the odds ratio is the
preferred measure.  Therefore, in the following sections, the impact of the DPE on
traffic accidents and citations is discussed primarily in terms of odds ratios.

For a detailed description of logistic regression analysis, the interested reader is referred
to Hosmer and Lemeshow (1989) and Tabachnick and Fidell (1996).

Before developing the final logistic regression models, steps were taken to screen the
data and to select the covariates to be used in the models. All data were screened to
check for missing values, out-of-range values, and for skewness and kurtosis patterns.
SAS statistical software programs were used to conduct the analyses (SAS Institute,
1990; SAS Institute, 1996).

There were 17 covariates available for inclusion in the logistic regression models.  A
multiple-step process was followed to select an optimal subset of covariates.  In the first
step, SAS Proc Logistic was used to conduct a number of bivariate regression analyses
in which each of the three criterion variables (total accidents, total citations, and
fatal/injury accidents) was regressed against each of the 17 potential covariates.  An
alpha level of .10 was used to assess the statistical significance of each simple correlation.
Alpha level is defined as the acceptable level of risk or probability of making a Type 1
error (p), or rejecting the null hypothesis (i.e., the hypothesis of no effect) when it is
true.  In this study, covariates with a p value greater than .10 (indicating a greater than
10% probability that the correlation obtained was due to chance variation rather than
being real) were dropped from the candidate pool.

After a reduced set of potential covariates was identified for each criterion variable, SAS
Proc Logistic was used to obtain a final subset of covariates to use in each logistic
regression model.  Each criterion variable was regressed against its reduced set of
covariates.  The backward elimination process was used to evaluate the predictive
power of the individual covariates.  In this method, all covariates are entered in the
model at the initial step.  At succeeding steps, covariates were removed from the
equation if their unique value in accounting for variation in the outcome measure did
not meet the specified level of statistical significance (p < .10).  At the final step, only
covariates that significantly contributed to prediction remained in the final covariate set.  

As stated above, multiple logistic regression analysis was used to evaluate three
criterion measures reflecting driving during the 2-year period after license application
date: (1) total accidents, (2) fatal/injury accidents, and (3) total citations.  The question
addressed in the analyses was the following:  Does the change in the odds of traffic
accidents or convictions over the pre- and post-DPE periods for southern applicants



DPE PROGRAM EVALUATION

11

following implementation of the DPE differ from that for northern applicants over the
same time periods?

The logistic regression analysis for each criterion had a partial-hierarchical design, which
included both crossed and nested factors.  A crossed factor is one in which all levels or
categories of that variable can be found within each level of all other independent
variables.  A nested factor, on the other hand, has its levels confined within specific
levels of another independent variable.  For example, in assessing the efficacy of
different teaching methods, classrooms are often assigned to (nested in) one of an array
of teaching methods.  Since each classroom appears under only one teaching method,
classroom is considered in this example as a nested rather than crossed factor.  The
interested reader is referred to Kirk (1968) and Winer (1971) for a detailed discussion of
designs containing both crossed and nested factors.  

The analyses included an assessment of the independent effects of the following factors:

• Covariates.  
• Office region (northern vs. southern).
• Field office within region (28 northern offices and 30 southern offices).
• Time of application (pre-DPE vs. post-DPE).
• Region by time of application interaction.
• Time of application by office interaction within region.  

In the logistic regression analyses, the effect of each factor was evaluated after adjusting
for (or removing) the effects of all other factors in the model.  For example, each
interaction effect was assessed after adjusting for all main effects, all other interaction
effects, and the effects of all covariates.  Thus, each logistic regression coefficient (Bj)
provides an estimate of the log odds after adjusting for (i.e., at fixed levels of) all other
factors or variables.

The effect of primary interest in the study is the region by time of application
interaction.  At first glance, this may seem unusual because in most treatment or
program evaluations, the main effect of treatment is the primary interest.  Recall,
however, that the inability to randomly assign applicants to test conditions resulted in a
design that confounded treatment (type of test) with region (north vs. south).  The
existence of a program effect must therefore be inferred from regional differences in
the pre-DPE versus post-DPE odds ratios.  This change is tested by the region by time
interaction component of the logistic regression model.

The use of field office as a fixed-effects independent variable also warrants some
explanation because it bears on the external validity of the study results.  External
validity represents the extent to which a researcher can generalize the findings of a
study and is related to the way in which the levels of the independent variable are
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selected from the population.  According to Keppel (1991), a fixed-effects factor is one in
which the levels of an independent variable are selected arbitrarily and systematically.
A factor of this type is assumed to represent the complete population of the relevant
treatment levels.  The statistical generalizations for a fixed-effects factor are limited to
the treatment effects observed for the particular conditions.  Alternatively, a random-
effects factor is one in which the levels of a factor are selected either randomly or
unsystematically from a larger pool of possible levels.  This type of factor represents a
random sample obtained from the larger population of treatment conditions.

When interpreting the results in the following section, it is important for the reader to
keep in mind that the DPE offices were not selected at random.  At the time of the
study’s implementation, the DPE was being piloted in 30 field offices residing in
southern California.  All of these offices were used in the study.  As mentioned above,
the control group of field offices was selected from northern California in a manner that
would make the control group applicants as similar as possible to applicants in the 30
DPE offices on a number of covariates.  Therefore, the office component was treated as
a fixed-effects factor in the statistical analyses.  The estimated effect sizes and p values
for the hypothesis tests can only be generalized to the offices used in the study unless
one can demonstrate or justify the assumption that the non sampled field offices would
have yielded identical estimates.

The statistical power for the logistic regression model was estimated for each criterion
measure.  The power of a statistical test is the probability of rejecting the null
hypothesis of no treatment effect for a given criterion when an effect truly exists.  Since
it is beyond the scope of this paper to present a detailed discussion of statistical power
analysis, the interested reader is referred to Cohen (1988) for a detailed review of
power analysis for the behavioral sciences, and to Hsieh (1989) and Whittemore (1981)
for a detailed discussion of  power analysis for logistic regression.

Because the effect of interest was the region by time of application interaction, the
power analysis was computed for the pre-DPE vs. post-DPE logit (odds) differences for
the two regions.  For purposes of the power analysis, it was determined that the design
should be sensitive enough to detect a 2% standardized effect size for the interaction.
The effect size for the interaction is defined as the differences in the pre-post odds ratios
for the two regions.  The odds were standardized by dividing each one by the
estimated error in the prediction model.  The power for detecting the 2% effect was .99,
indicating that the model has an extremely high probability of rejecting the null
hypothesis of no interaction between region and time of application when, in fact, such
an interaction effect actually occurred.  
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RESULTS

Selection of Offices
Table 2 presents the regional means on the covariates before selection of the control
offices.  The means are based on office-level scores rather than individual-level scores.
The northern and southern regions differ considerably from each other on many of the
covariates.  The differences between the two regions on driver-level covariates are the
most important because these variables reflect the actual history and demographic
characteristics of the individual applicants themselves.  Group differences on the
aggregate-level covariates reflect differences in the driving environments and social
contexts in which the applicants live.

Table 2

Comparison of Regional Field Office Means on the
Covariates Before Selection of Control Offices

Mean

Covariate
Northern
(n = 28)

Southern
(n = 30)

Net
differencea

%
differenceb t p

Driver-level (pre-DPE subjects)
Total citations per 100 55.36 59.80 -4.44 -7.42 -1.77 .08
Total accidents per 100 14.72 14.37 0.36 2.48 0.50 .62
Age at application 24.11 25.70 -1.59 -6.17 -4.77 .00
Total applicants 2,681 8,218 -5,536 -67.38 -11.25 .00
% male 52.93 54.77 -0.02 -3.36 -3.26 .00

Aggregate driving locality
Average total accidents in ZIP Code 13.92 15.85 -1.93 -12.16 -1.79 .08
Average total citations in ZIP Code 54.34 61.58 -7.23 -11.74 -4.04 .00

Aggregate 1990 US. Census
% African American in ZIP Code 4.69 8.21 -3.52 -42.83 -3.07 .00
% Hispanic in ZIP Code 20.66 31.84 -11.19 -35.13 -3.89 .00
% driving alone to work in ZIP Code 74.54 72.75 1.79 2.46 1.52 .13
Mean minutes to work in ZIP Code 24.44 27.83 -3.40 -12.20 -4.12 .00
% completing elementary school as highest

level of all adults in ZIP Code 11.62 14.07 -2.45 -17.40 -1.60 .11

% completing high school as highest level
of all adults in ZIP Code 24.86 21.20 3.66 17.26 4.79 .00

% receiving public assistance in ZIP Code 5.08 4.00 1.08 26.90 3.11 .00
% unemployed in ZIP Code 4.71 4.52 0.19 4.18 0.62 .54
% renting in ZIP Code 39.55 48.52 -8.97 -18.48 -5.71 .00
% 55 or older in ZIP Code 19.80 16.84 2.97 17.62 3.19 .00
Median income in ZIP Code $37,235 $41,370 -$4,135 -9.99 -2.45 .02

aNet difference = mean of northern region minus mean of southern region.
bPercentage difference is referenced to mean of southern region.
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There were significant (p < .10) differences between offices in the two regions on  four
of the subject-specific covariates:  Prior total citations, age at application, total number
of applicants, and percentage of men applicants.  Drivers in the southern region were
older and more likely to be men than their northern counterparts.  In addition,
southern subjects had a higher rate of prior total citations and had a higher number of
applicants per field office than did northern subjects.

Northern and southern applicants also differed on a number of the aggregate ZIP Code
variables prior to selection of the control offices.  For example, southern applicants
score higher on accident and citation rates, proportion of Hispanic residents, and
median income.  

As stated above, an ordinary least squares regression equation was used to select
control offices to minimize any pre-existing differences between subjects in the two
regions that could have biased the results.  The equation used to select the offices is
shown below:

Y = 0.368842 + (.189405 * X1) + (-0.036076 * X2) + (-0.006294 * X3) + (-0.114653 * X4)

where Y is the predicted field office total accident rate 2 years after application date for
subjects in the post-DPE period; X1 is the field office total accident mean 2 years after
application date for subjects in the pre-DPE period; X2 is the field office total citation
mean 2 years after application date for pre-DPE subjects; X3 is the average age of pre-
DPE subjects in the field office; and X4 is the proportion of male pre-DPE subjects in the
field office.

The selection was based on whether each candidate control office had an accident risk
score from the equation that fell within range (plus or minus one standard deviation) of
the risk scores for the 30 DPE offices.  The application of the equation resulted in the
selection of all 28 northern California offices.  The predicted scores generated from the
equation ranged from 0.13143 to 0.17495 for the DPE offices and from 0.13452 to
0.18577 for the selected control offices.  The predicted risk score for each office and the
number of applicants processed in each office are presented in Appendix III.

Table 3 describes the covariate measures for the two regions following selection of the
28 northern offices.  A comparison of entries in Table 3 with those in Table 2 suggests
that the selection substantially reduced the regional mean differences on several
covariates.  For example, the difference between the prior citation means for the two
regions was -4.44 (p = .08) before the selection and only 0.01 (p > .99) after the selection.
Likewise, on ZIP Code total accidents, the mean difference was -1.93 (p = .08) before
selection and 0.64 (p = .22) after selection.
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Table 3

Comparison of Regional Field Office Means on the
Covariates After Selection of Control Offices

Mean

Covariate
Northern
(n = 28)

Southern
(n = 30)

Net
differencea

%
differenceb t p

Driver-level (pre-DPE subjects)
Total citations per 100 59.81 59.80 0.01 0.02 0.00 .99
Total accidents per 100 16.33 14.37 1.96 13.65 3.08 .00
Age at application 25.26 25.70 -0.44 -1.71 -1.14 .26
Total applicants 5,266 8,218 -2,952 -35.92 -4.16 .00
% male 52.07 54.77 -2.70 -4.92 -5.05 .00

Aggregate driving locality
Average total accidents in ZIP Code 16.49 15.85 0.64 4.05 1.25 .22
Average total citations in ZIP Code 61.04 61.58 -0.53 -0.87 -0.29 .77

Aggregate 1990 US. Census
% African American in ZIP Code 9.07 8.21 0.86 10.50 0.42 .68
% Hispanic in ZIP Code 15.65 31.84 -16.20 -50.86 -5.76 .00
% driving alone to work in ZIP Code 72.47 72.75 -0.28 -0.39 -0.15 .88
Mean minutes to work in ZIP Code 27.41 27.83 -0.43 -1.54 -0.61 .54
% completing elementary school as highest

level of all adults in ZIP Code
8.24 14.07 -5.84 -41.46 -3.91 .00

% completing high school as highest level
of all adults in ZIP Code

22.28 21.20 1.08 5.11 1.42 .16

% receiving public assistance in ZIP Code 4.35 4.00 0.35 8.59 0.79 .43
% unemployed in ZIP Code 3.93 4.52 -0.59 -12.97 -2.18 .03
% renting in ZIP Code 42.06 48.52 -6.46 -13.31 -2.69 .01
% 55 or older in ZIP Code 18.03 16.84 1.20 7.10 1.92 .06
Median income in ZIP Code $45,980 $41,370 $4,609 11.14 2.07 .04

aNet difference = mean of northern region minus mean of southern region.
bPercentage difference is referenced to mean of southern region.

Table 4 compares the covariate means based on individual applicants in the two regions
after the control office selection.  While statistical differences exist for several variables
(primarily due to large sample sizes), in most instances they are small.  As can be seen,
the selection did not remove all differences between the two samples of offices and
applicants on the potentially biasing variables.  However, using individual offices and
these variables as covariates in the logistic regression models statistically adjusted the
criterion measures for these differences.
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Table 4

Regional Means on the Covariates After Control Office Selection Based
on Individual Subject Scores in Both Time Periods

Mean
Covariate Northern

(n = 147,554)
Southern

(n = 246,547)
Net

differencea
%

differenceb
t p

Driver-level (both time periods)
Age at application 25.67 25.74 -0.07 -0.27 -2.06 .04
% male 52.81 55.28 -2.47 -4.47 -15.04 .00

Aggregate driving locality
Avg. number of total accidents in ZIP Code 16.56 16.32 0.24 1.47 25.98 .00
Avg. number of total citations in ZIP Code 62.42 61.44 0.98 1.60 27.48 .00

Aggregate 1990 US. Census
% African American in ZIP Code 9.45 7.99 1.46 18.27 33.16 .00
% Hispanic in ZIP Code 16.47 33.67 -17.20 -51.08 -258.23 .00
% driving alone to work in ZIP Code 70.33 72.25 -1.92 -2.66 -46.08 .00
Mean minutes to work in ZIP Code 27.17 28.03 -0.86 -3.07 -67.17 .00
% completing elementary school as highest

level of all adults in ZIP Code
8.95 14.95 -6.00 -40.13 -167.64 .00

% completing high school as highest level
of all adults in ZIP Code

21.77 21.26 0.51 2.40 30.62 .00

% receiving public assistance in ZIP Code 4.48 4.09 0.39 9.54 42.00 .00
% unemployed in ZIP Code 4.01 4.63 -0.62 -13.39 -105.19 .00
% renting in ZIP Code 44.06 49.36 -5.30 -10.74 -86.94 .00
% 55 or older in ZIP Code 18.27 16.81 1.46 8.69 75.99 .00
Median income in ZIP Code  $45,422   $40,660  $4,762 11.71 97.86 .00

aNet difference = mean of northern region minus mean of southern region.
bPercentage difference is referenced to mean of southern region.

Subsequent Driver Record Comparisons
Table 5 presents the percentages of applicants in each study group involved in accidents
and citations during the 2-year period after application date.

Table 5

Percentage of Subjects in Each Group Involved in Accidents
and Citations 2 Years After Application Date

Region
Time period

Total
accidents

Fatal/injury
accidents

Total
citations

Northern
Pre-DPE 13.89 4.41 32.16
Post-DPE 13.66 4.32 30.75

Southern
Pre-DPE 12.93 4.29 33.91
Post-DPE 12.40 4.18 32.56



DPE PROGRAM EVALUATION

17

As can be seen, the criterion measures decline in value from pre-DPE to post-DPE for
applicants in both regions.  For example, the percentage of northern applicants
involved in fatal/injury accidents dropped from 4.41% pre-DPE to 4.32% post-DPE.
Likewise, among southern applicants, the criterion measure shrank from 4.29% pre-
DPE to 4.18% post-DPE.  The percentages are presented for descriptive purposes only;
no tests were conducted to determine whether the differences on the observed
percentages are statistically significant since these tests are more properly executed
through the logistic regression presented below.

Total accidents.  The summary of the significance tests from the logistic regression
analysis for the total accident criterion is displayed in Table 6.  

Table 6

Summary of Logistic Regression Results for Total Accidents

Source df χ2 p

Covariates 8 5949.35 .0001

Region 1 61.8341 .0001

Time of application 1 15.3695 .0001

Region by time of application 1 0.2493 .6176

Office within region 56 309.8805 .0001

Time of application by office within region 56 114.0815 .0001

Recall that the effect of interest is the region by time of application interaction.  This
effect addresses whether the change in accident risk for southern offices following
implementation of the DPE differs from that for northern offices over the same time
periods.  As displayed in Table 6, the region by time of application interaction is not
statistically significant (χ2 = 0.2493, p = .62).

Figure 2 illustrates the region by time of application interaction effect by displaying the
covariate-adjusted total accidents logit (or log odds) for each region in each time period.
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Figure 2 .  Adjusted 2-year total accidents logit by region and time of application.
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Northern Region

As stated above, the outcome variable is presence or absence of a traffic accident.  The
two lines in Figure 2 have very similar slopes, indicating that the effect of time is
roughly the same for applicants in the two regions.  The odds ratio comparing pre-DPE
and post-DPE subjects in each region are shown in Table 7.

Table 7

Results of Comparison of Pre-DPE Versus Post-DPE
Groups Within Region for Total Accidents

Comparison χ2 p Regression coefficient Odds ratio

Pre vs. post (northern) 4.47 .0345 0.0324 1.03

Pre vs. post (southern) 11.53 .0007 0.0410 1.04
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The northern contrast yielded a statistically significant effect (χ2 = 4.47, p = .0345).  The
odds ratio computed from the regression coefficient (e0.0324) is 1.03, meaning that the
odds of accident involvement for northern applicants was 1.03 times higher in the pre-
DPE period than in the post-DPE period.  Again, both groups of drivers within this
region would, if tested, have received the standard non-DPE drive test.

The southern contrast also yielded a statistically significant effect (χ2 = 11.53, p = .0007).
The odds ratio computed from the regression coefficient (e0.0410) is 1.04, indicating that
the odds of accident involvement for southern drivers was 1.04 times higher before
DPE implementation than it was afterward.

In addition to examining the odds ratios, the adjusted probabilities of total accident
involvement were also computed and are shown in Figure 3.  The estimates were
obtained from the logistic regression equation.  The values represent the estimated
percentage of subjects in each group involved in accidents during the 2-year post-
application criterion period after statistically adjusting scores to equate the groups on
the covariates.  (The reader is referred to Table 5 for the unadjusted values.)
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Figure 3.  Adjusted 2-year total accident probability by region and time of
application.

Based on the data represented in Figure 3, northern post-DPE applicants had 2.9%
fewer accident involved drivers than did the northern pre-DPE applicants.  Likewise,
southern post-DPE applicants had 3.6% fewer accident involved drivers than did the
southern pre-DPE applicants.
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The similarity of the odds ratios over time for the two regions reflects the lack of a
statistically significant interaction between time and region.  However, the results are
directionally supportive of a positive impact of the DPE with a greater risk reduction
over time shown for southern offices exposed to the DPE.

Fatal/injury accidents.  A second set of analyses was conducted using fatal/injury
accidents as the criterion.  It has been well established in prior research that the total
accident measure is subject to accident-reporting bias.  On the other hand, fatal/injury
accidents form a relatively “clean” measure because they are usually much less subject
to non-reporting than are property-damage-only accidents.  

Table 8 summarizes the results of the logistic regression analysis for  fatal/injury
accidents.  

Table 8

Summary of Logistic Regression Results for Fatal/Injury Accidents

Source df χ2 p

Covariates 9 1986.49 .0001

Region 1 19.762 .0001

Time of application 1 5.3958 .0202

Region by time of application 1 0.0515 .8205

Office within region 56 357.0414 .0001

Time of application by office within region 56 71.0996 .0842

As was the case for the total accident criterion, the effect of interest is the region by time
of application interaction.  The results indicate that the region by time of application
interaction is not statistically significant (χ2 = 0.0515, p = .8205).  

Figure 4 illustrates the interaction effect by plotting the adjusted fatal/injury accidents
logit for each group.
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Figure 4.  Adjusted 2-year fatal/injury accidents logit by region and time of
application.
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The absence of a significant interaction effect is evidenced by the fact that the vertical
distance between the two lines (representing the effect of region) is essentially the same
for both time periods.  The odds ratio comparing pre-DPE and post-DPE subjects in
each region are shown in Table 9.

As displayed in the table, the comparison of change in fatal/injury accident odds from
pre to post was 1.04 for both regions.  The similarity in these odds ratios are reflections
of the absence of a significant period by area interaction as noted above.

Table 9

Results of Comparison of Pre-DPE Versus Post-DPE Groups Within
Region for Fatal/Injury Accidents

Comparison χ2 p Regression coefficient Odds ratio

Pre vs. post (northern) 2.49 .1146 0.0409 1.04

Pre vs. post (southern) 2.96 .0853 0.0349 1.04
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Figure 5 displays the adjusted probability of fatal/injury accident involvement for each
group.  Within the northern region, post-DPE applicants had 4.0% fewer fatal/injury
accident involved drivers than did pre-DPE applicants.  Within the southern region,
post-DPE applicants had 3.4% fewer fatal/injury accident involved drivers than did pre-
DPE applicants.

These results are consistent with the findings for total accidents.  
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Figure 5.  Adjusted 2-year fatal/injury accident probability by region and time of
application.

Total Citations.  Table 10 summarizes the logistic regression results for total citations.
The region by time of application interaction is not statistically significant (χ2 = 0.2997,
p = .5841).

Table 10

Summary of Logistic Regression Results for Total Citations

Source df χ2 p

Covariates 14 27749.61 .0001
Region 1 34.54 .0001
Time of application 1 172.3136 .0001
Region by time of application 1 0.2997 .5841
Office within region 56 1212.305 .0001
Time of application by office within region 56 170.5295 .0001
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Figure 6.  Adjusted 2-year total citations logit by region and time of application.

Southern Region

Northern Region

Figure 6 graphically displays the adjusted total citations logit by region and time of
application.  The similarity in the slopes of the two lines indicates that the change in
citation risk over time is the same for applicants in the northern and southern regions.
Table 11 shows the odds ratio comparing pre- and post-DPE subjects within each
region.

Table 11

Results of Comparison of Pre-DPE Versus Post-DPE Groups Within
Region for Total Citations

Comparison χ2 p Regression coefficient Odds ratio

Pre vs. post (northern) 76.76 .0001 0.1027 1.11

Pre vs. post (southern) 117.31 .0001 0.0962 1.10

The northern contrast produced a statistically significant effect (χ2 = 76.76, p = .0001).
The odds ratio is e0.1027 or 1.11, meaning that the odds of citations for northern
applicants are 1.11 times higher in the pre-DPE period than they are in the post-DPE
period.  Again, both groups of northern drivers would, if tested, have received a
standard non-DPE drive test.
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The pre-DPE versus post-DPE effect for southern applicants was also statistically
significant (χ2 = 117.31, p = .0001).  The odds ratio computed from the regression
coefficient (e0.0962) is 1.10, indicating that the odds of citations for southern drivers were
1.10 times higher before DPE implementation than they were after.

Figure 7 displays the adjusted probabilities for the four groups.  Within the northern
region, post-DPE applicants had 7.6% fewer drivers with one or more citations than did
pre-DPE applicants.  Within the southern region, post DPE applicants had 7.3% fewer
drivers with one or more citations than did pre-DPE applicants.
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Figure 7.  Adjusted 2-year total citation probability by region and time of application.

As was the case for accidents, the magnitude and direction of the differences in the odds
ratios for the total citation criterion indicate that the risk differential between the two
regions is essentially the same during both time periods.  

DISCUSSION

The failure to demonstrate a significantly greater safety benefit for the DPE test than for
the standard road test is disappointing.  None of the differences between the two test
groups on the three post-application driver record measures approached statistical
significance.  Although there was a very slight trend for those assigned to the DPE test
to have a reduced odds (1%) of being accident involved in terms of total reported
accidents, the comparison on fatal/injury accidents showed no difference in odds.
Clearly, the very small variations between the groups on the subsequent driver record
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measures is consistent with the null hypotheses of no measurable differences in the
relative safety impact of the two testing programs.

Having acknowledged this outcome, it is essential to also consider the limitations of the
research design.  These limitations stem from the inability to utilize a classical
experimental design in which subjects and/or offices are randomly assigned to the test
conditions (DPE or standard road test).  Instead, a quasi-experimental design was used
in which the type of road test was based on geographical area (southern offices versus
northern offices).  This would normally be a very weak design because the treatment
condition is completely confounded with area, and likely differences between the
applicants and driving environments could bias the comparisons of subsequent accident
rates.  The present design was strengthened considerably against potential bias by
statistically adjusting the comparisons for group differences on criterion-related
covariates.  More importantly, precise measures on the accident rates for the southern
and northern offices were also available based on applicants licensed in these offices
prior to implementation of the DPE.  Since the correlation between the total accident
rates for offices over the pre-DPE and post-DPE time periods was substantial (r = .79),
the pre-DPE accident rates for the offices provided a very powerful referent or baseline
for interpreting any subsequent differences between the DPE and non-DPE groups (i.e.,
the time by region interaction).  

Nevertheless, the design is still subject to extraneous sources of variance (bias).  The
most obvious bias threat is the possibility of uncontrolled historical events occurring
between or during the two time periods.  Recall that the office accident rates for the
pre-DPE period were based on the 2-year time interval after subjects’ 1993 license
application date, whereas the period used for the post-DPE comparisons was the 2-year
interval after subjects’ 1995 license application date.  The occurrence of any changes in
applicant demographics, driving environment, and police enforcement or accident
reporting policies over this time horizon that differed between the northern and
southern regions could potentially have biased the outcome.  Since a very small
reduction in accidents was considered sufficient to have justified the DPE on public
safety and benefit cost grounds, even small time-related biases could have obscured a
real positive effect of interest.  Unfortunately, there is no independent way of
evaluating this possibility, and the need for pointing this out is not to assert that such a
bias did occur but rather to make explicit the assumptions required in accepting the
conclusion that the two tests had equivalent safety impacts.

If one accepts the conclusion that the DPE did not produce a demonstrable safety
impact, the question that naturally arises is “why?”  As documented in the Introduction
section of this report, the DPE evolved as part of a carefully developed plan to enhance
driver competency by improvements in the driver licensing assessment process.  One
of the central components of this plan was to improve the reliability, validity, and
stringency of the road test.  Prior studies by Hagge (1994) and Romanowicz & Hagge
(1995) provide clear evidence that the road test developed pursuant to this plan was
more reliable, more stringent, and more discriminating than the conventional DMV
road test.  Despite these earlier findings, the present study has failed to provide any
evidence that the DPE results in a population of drivers having lower accident
propensities than those licensed through the conventional DMV road test.
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There are several explanations that could be given to explain this paradox.  First, there
is an important distinction between driving as a skill or competency and driving in a
way that minimizes accident risk.  As acknowledged in the Introduction section, most
accidents are not caused by deficiencies in the driving skills that are measurable on a
road test.  In addition, there is an even more fundamental question of how well a road
test reflects the way a person drives in “real-world” non-test conditions (McPherson &
McKnight 1981).  

Second, many investigators have emphasized the deficiencies in using accident-
involvement as a criterion measure in assessing the validity of a test or accident
countermeasure program.  This problem stems from the large random or stochastic
component inherent in determining when and how given driving behaviors interact to
produce an actual accident occurrence, which is a relatively rare event.  For these
reasons, accidents are not very reliable or sensitive measures of actual driving or
“safety” behavior.  In the present study, we used very large sample sizes to
compensate for this problem, but there is still some non-trivial risk of not being able to
detect very small effects.

A third possibility is failure to implement the DPE as specified in policy directives and as
reflected in the studies by Hagge (1994) and Romanowicz and Hagge (1995).  Based on
the authors’ familiarity with the ongoing program gained through interactions with
DPE examiners, program administrators, policy staff, and departmental management,
this is judged to be highly unlikely.  In addition, any significant relaxation in the DPE
program requirements would be expected to have resulted in a substantial lowering of
the test fail rate from its initial high of 49% when the program was first implemented in
September 1994.  This hypothesis could not be directly evaluated in this study due to
the lack of test results data.  However, it was possible to estimate the average time
between application and licensure, and the results refute the hypothesis.  The average
time in months for subjects in the northern (non-DPE) region was 3.26 in the pre-DPE
period and 3.23 in the post-DPE period.  On the other hand, subjects in the southern
(DPE) region had average times of 2.89 and 3.43 for the two respective time periods,
indicating a significant delay of licensure following the use of the new test.  This finding
runs counter to the proposition that the DPE guidelines as originally established were
not being followed during the period of the study.  Had there been laxity in carrying
out the program requirements, it is very unlikely that this average 2-week delay of
licensure for subjects exposed to the DPE would have occurred.

It is usually instructive to consider how the findings of a given study articulate with the
extant literature in the field.  The Introduction section of this paper acknowledged that
performance on road tests has never been shown to be correlated with the subsequent
accident rates of tested drivers.  In this sense, the present results should not be
surprising.  However, it was also noted that this correlational paradigm was flawed for
reasons elaborated by authorities such as McKnight and Stewart (1990).  We pointed
out that the proper evaluation of the safety impact of a driver licensing test requires a
control group of drivers who are allowed a driver license without being required to
take the test.  The present study did not attempt to evaluate the effects of a test versus
no-test policy and, indeed, such a study would be prohibited by statutory and ethical
considerations.  Instead, we attempted to evaluate the incremental value of a more
stringent road test—an objective that is much more difficult to achieve because both
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groups have been required to take a road test and would have undergone some form
of preparation and training.  It cannot be stressed too strongly that the present findings
do not mean that the road test requirement for novice drivers has no safety value.

There has been only one prior study on the relative safety effects of different types of
road tests for novice drivers.  Ratz (1978) compared two experimental road tests or test
variants to the standard California novice driver road test.  He utilized a nested mixed
model analysis of variance design in which three road tests were assigned randomly
among nine offices.  Thus, three offices conducted one of three tests: (1) a standard road
test, (2) a standard road test with a higher passing score threshold, and (3) an
experimental road test designed to emphasize safety-related skills.  None of the
differences on subsequent accident rates reached statistical significance, although the
experimental test group had a 12% lower covariate-adjusted accident rate than did the
other two groups (p < .20).  These findings are consistent with the results of the current
study, which utilized a much larger sample size and a different type of experimental
road test.

The statistical approach used by Ratz raises an interesting methodological issue, which
was addressed in the Methods section.  Ratz used a more conservative procedure in
considering treatment (type of test) to be a random-effects rather than a fixed-effects
factor.  Under this nested mixed-model design, the degrees of freedom for
experimental error are based on the number of offices rather than the number of
drivers, resulting in much lower statistical power.  Had Ratz treated type of test as a
fixed-effects factor as was done in this study, the lower accident rate of his experimental
test group would have been highly significant.  However, the small number of offices
used in his study would make a fixed-effect interpretation indefensible for evaluating a
program intended for statewide implementation.  It should also be noted that, had
office been treated as a random-effects rather than fixed-effects factor in the current
study, the statistical significance tests would have resulted in even larger p values than
those obtained and thus the outcome of the study would not have changed.

RECOMMENDATIONS

Subsequent to the initiation of this study, the department reduced the length of the DPE
and eliminated the freeway component due to budgetary constraints.  Because the DPE
as evaluated in this study is longer than the standard road test and had additional
maneuvers, such as a freeway driving component, it is a more costly program
requiring a more extensive allocation of resources than is required for the standard
road test.  The failure to demonstrate any bottom line benefits to offset program costs
makes it difficult to recommend that the department reinstate the freeway maneuvers
and expand the original DPE statewide.  However, there is no question that the method
of testing (route selection and scoring procedures) produces a more reliable and
“content valid” test than does the current testing procedure.  It is therefore
recommended that the department expand the DPE scoring procedures to all offices in
the state.
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APPENDIX I

Driving Performance Evaluation Procedural Information
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APPENDIX II

Descriptions of Criterion Measures and Variables Considered for
Inclusion as Covariates in Statistical Models

Type/ name Description

Criterion measures
Post 2-year total accidents Involvement in any accidents 2 years after license

application date
Post 2-year fatal/injury accidents Involvement in any fatal/injury accidents 2 years

after license application date
Post 2-year total citations Cited for traffic law violations 2 years after

license application date
Demographic covariates

Sex Sex of applicant
Age Age of applicant at time of reference date

Prior driver record covariates
Prior 2-year total accidents Involvement in total accidents 2 years before

license application date
Aggregate U.S. Census covariates

Urban Percent urban in applicant’s ZIP code
African American Percent African American in applicant’s ZIP code
Mean age Average age in applicant’s ZIP code
Married Percent married of all adults in applicant’s ZIP

code
High school Percent with high school degree of all adults in

applicant’s ZIP code
Social Percent receiving social security in applicant’s ZIP

code
Unemployed Percent unemployed in applicant’s ZIP code
Age 55 & up Percent age 55 and up in applicant’s ZIP code
Income family Median family income in applicant’s ZIP code
Income household Median household income in applicant’s ZIP code
House Median house value in applicant’s ZIP code
White Percent white in applicant’s ZIP code
Hispanic Percent Hispanic in applicant’s ZIP code
Assistance Percent receiving public assistance in applicant’s

ZIP code
Rent Percent renting in applicant’s ZIP code

Aggregate driving-locality covariates
Average accidents Average number of total accidents per driver in

applicant’s ZIP code
Average citations Average number of total citations per driver in

applicant’s ZIP code
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APPENDIX III

List of DPE and Control Field Offices

DPE office
Total

applicants

Predicted
accident

score
Control office

Total
applicants

Predicted
accident

score
Arleta 11,848 0.1397 Carmichael 5,067 0.1690

Bell Gardens 11,351 0.1517 Concord 3,386 0.1701

Bellflower 13,551 0.1623 Corte Madera 2,932 0.1542

Chula Vista 6,693 0.1440 Daly City 8,401 0.1528

Compton 5,961 0.1459 El Cerrito 5,511 0.1561

Culver City 7,044 0.1384 Fairfield 2,623 0.1671

Escondido 3,818 0.1484 Folsom 2,402 0.1709

Fullerton 9,515 0.1513 Fremont 6,834 0.1557

Glendale 11,266 0.1455 Hayward 5,249 0.1580

Hawthorne 8,513 0.1427 Los Gatos 4,876 0.1651

Hollywood 12,740 0.1356 Modesto 5,088 0.1827

Inglewood 6,495 0.1377 Mountain View 6,438 0.1362

Laguna Hills 5,644 0.1489 Oakland 6,306 0.1551

Lincoln Park 7,995 0.1450 Oakland Coliseum 6,009 0.1466

Montebello 9,326 0.1527 Pittsburg 3,221 0.1761

Oceanside 6,166 0.1470 Pleasanton 3,580 0.1530

Pasadena 14,036 0.1506 Redwood City 4,320 0.1453

Placentia 5,680 0.1750 Roseville 3,165 0.1858

Pomona 8,483 0.1621 Sacramento 4,545 0.1541

Poway 4,359 0.1541 Sacramento South 5,250 0.1726

San Clemente 3,911 0.1589 San Francisco 12,762 0.1345

San Diego 6,279 0.1314 San Jose 7,988 0.1448

San Diego Clairemont 9,263 0.1658 San Mateo 5,444 0.1424

San Pedro 4,949 0.1456 Santa Clara 8,006 0.1417

San Ysidro 4,564 0.1405 Santa Teresa 5,873 0.1618

Torrance 7,635 0.1514 Stockton 5,648 0.1750

Van Nuys 6,209 0.1519 Vallejo 3,085 0.1755

West Covina 12,622 0.1648 Walnut Creek 3,445 0.1638

Westminster 12,999 0.1492

Winnetka 7,632 0.1603


